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DEVICE AND METHOD FOR COMPRESSING
DIGITAL IMAGES

This application claims the benefit, under 35 U.S.C. §119
of French Patent Application 0309713, filed Aug. 7, 2003.

FIELD OF THE INVENTION

The present invention pertains to a device and to a method
for compressing digital images.

BACKGROUND OF THE INVENTION

The compression of a digital image reduces the quantity of
data necessary for i1ts transmission via, for example, a tele-
communication network such as the Internet network.

Certain compression standards, such as the MPEG-4 stan-
dard (Motion Picture Expert Group 4), use a so-called multi-
layer compression according to which an1mage, the so-called
source 1image, 1s compressed by means of a base layer, coding
a so-called base 1mage, and of an enhancement layer, coding
the deviation or the residual between the source image and the
base 1mage.

In this case, the transmission of a compressed image can be
done by transmitting, firstly, 1ts base layer and then, secondly,
its enhancement layer, 1n the form of binary trains.

The binary train associated with the enhancement layer has
the advantage of being able to be truncated 1n such a way that,
if transmaission thereot 1s performed only partially following,
for example, a vanation in the transmission throughput 1n the
network, the information transmitted 1n the correctly received
part of the binary train may nevertheless still be used to
enhance the 1mage coded by the base layer.

To do this, a residual 101 (FIG. 1), coding enhancement
coellicients 101,, 101,, . . . 101, specific to each block of
pixels forming the 1mage, 1s decomposed 1nto various planes
MSB, MSB™!, MSB™=, MSB™ and L.SB of bits ranked in
order of priority, each plane MSB, MSB™*, MSB™*, MSB " or
L.SB clustering together bits of like weight 1n the decompo-
sition of the residual specific to each block.

As described later, these coefficients 101,, 101,, . . . 101
may arise from the discrete cosine transformation DCT of an
8x*8 block of pixels, performed by evaluating the difference
between the DCT coetlicients of a block of a source image,
that 1s to say of the coded 1image, and the DC'T coeflicients of
an 1mage processed by a quantization and then by an inverse
quantization of its base layer.

By generating a binary train 130 successively transmitting,
the planes MSB, MSB~!, MSB~%, MSB~ or LSB, one then
obtains an enhancement layer which can be truncated without
compromising the transmission of the train as a whole. For
example, 1 the transmission of the train 130 1s disturbed
during the transmission of the plane MSB~, the information
as a whole already transmitted by the planes MSB, MSB™",
MSB~ and the transmitted part of MSB™ will be able to be
taken 1nto account to enhance the image.

Such a method, dubbed Fine Granularity Scalability (Fgs)
within the framework of the MPEG4 standard, has the draw-
back of using a compression of the residual having an effi-
ciency lower than the efliciency of the compression of the
base code. In this way, a compromise between the efficiency
of the compression, increased by a base layer of significant
size, and the security of the transmission of the base,
increased with a base layer of small size, may possibly be

made.

SUMMARY OF THE INVENTION

The present invention remedies this drawback. It pertains
to a device for compressing a source image by means of a base
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2

layer, coding a base image, and of an enhancement layer,
coding a residual existing between the source 1image and the
base 1mage, the source image and the base 1image being struc-
tured as blocks of pixels, characterized in that it comprises
means for generating the enhancement layer of a block as a
function of the quality of restitution of this block, determined
by comparing the coding of this block 1n the source image
with the coding of this block 1n the base 1image, and/or as a
function of mformation coded by this block of pixels.

By considering the quality of restitution of the image on the
basis of the base layer blockwise, the device in accordance
with the invention makes it possible to optimize the genera-
tion of the enhancement layer by assigning each block a
quantity of bits in the enhancement layer dependent on the
base coding of this block so that the final 1image has a uniform
quality of restitution.

Moreover, by taking into account the information relating
to the coding of each block, the device 1n accordance with the
invention optimizes the generation of the base layer by allot-
ting more data to blocks of pixels for which an enhancement
of the base layer results priority-wise, for example i1 resolu-
tion defects associated with this block are more visible than
for other blocks.

In one embodiment, the device comprises means for deter-
mining the quality of restitution of the block (k) by means of
a formula such as:

i, =71 3
psitry = —10 LGE{Z (blﬂCkk,SDHFﬂE(fﬁ J’) - b!{}[?kk,f"fﬂ(f! J’))z /(L2 X64)

i, j=0 )

where (1,1) represents the coordinates of a pixel of the block
(k) considered, for example of dimensions 8x8, 1n the source
image (block ) orinthe base image (block,, ) coded by

the base layer, L representing the value of the maximum
luminance of the image, for example equal to 235.

e

According to one embodiment, the device comprises
means for defining an average quality Psnr,, . of restitution of
the 1image and for allocating a greater number of bits in the
enhancement layer to the blocks whose restitution quality 1s
less than this average quality Pnsr,,, or than a reference
quality Pnsr,, -obtained on the basis of this average quality, for

example by adding a quality margin.

In one embodiment, the device comprises means for com-
paring the quality psnr, of restitution of the block k with a
reference quality psnr, .1n such a way as to detect a deviation
opsnr, ot quality with respect to this reterence psnr, . and
means for allotting a number NbBits, of bits of the enhance-
ment layer to this block as a function of this deviation.

According to one embodiment, the device comprises
means for allotting a number NbBits, of bits of the enhance-
ment layer by using a proportionality relation such as:

Opsir,

NbBits;, = X throughput,

Apsnr

where throughput . 1s the quantity of bits per image con-
tained 1n the train of the enhancement layer and Apsnr 1s a sum
of deviations opsnr, measured for the block considered.
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In one embodiment, the sum Apsnr 1s evaluated on the basis
of the deviations between the quality of each block and the
reference quality, for example by means of a formula such as:

k=MxN-1
Apsnr = Z (if (psnr, < Psitrr): Psirys — psnr,)
k=0

where M and N are parameters relating to the index number
of each block 1in the image, a block being considered only 11 1ts
quality psnr, of restitution 1s less than the reference quality of
restitution (psnr,<psnr,, ).

According to one embodiment, the device comprises
means for estimating the quality of restitution of the base
layer by estimating the degradation, or the cost CostFlt1, of 1ts
filtering 1ntended to reduce contrasts between neighbouring
blocks and means for allotting to a block (k) of pixels a bigger
number NbBits, of bits of the enhancement layer the higher
this cost CostFlt1.

In one embodiment, the device comprises means for esti-
mating the cost CostFlt1 of the filtering with the aid of a
formula such as:

(i, j=7 \
Z abs(bgﬂc;{imseﬂ.!rfrfd(f! J’) _ ‘bzgc;{i}me(f! J’))
CostFlt, = S ‘
a 64
where abs 1s the absolute wvalue function, and

block, . srerea(l:)-block, ,  (1,]) represents the difference in
values of the pixel with coordinates 1 and j of the base layer
after filtering and before filtering.

According to one embodiment, the device comprises
means for comparing the cost of filtering costFlt, of a block
with a cost of filtering of the image COSTFIt and means for
allotting a number NbBitsigs. of bits of the enhancement
layer to each block 1 as a function of this comparison, for
example by using a relation such as:

where throughput . 1s the quantity of bits per image con-
tained 1n the train of the enhancement layer.

costFir;
COSTFlr

NbBitsfgs; = throughput, X

In one embodiment, the device comprises means for deter-
mimng the cost costFlt of filtering of the image by adding up
the costs of filtering of all the blocks of the image, for example
with the aid of a formula such as:

I=M>xN-1
COSTFlt = Z (costFIE)
1=0

where 1 represents a block index number whilst M and N
represent the dimensions of the image.

According to one embodiment, the device comprises
means for generating the enhancement layer of a block as a
function of a parameter relating to an average luminance
(Lavg) associated with this block, determined for example by
adding up the luminances of the pixels of the block consid-
ered.
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In one embodiment, the device comprises means for
weighting the cost of the filtering of a block as a function of a
coellicient F(Lavg,) whose value depends on the average
luminance of this block.

According to one embodiment, the device comprises
means such that, if the average luminance Lavg, of a block 1s
greater than a threshold, ThreshLum, then the value of this
weilghting coellicient 1s calculated according to the formula:

F(Lavg)y=1-(Lavg/2xThreshLum)

whereas, otherwise, the value of this weighting coetficient
1s constant, for example equal to Y.

In one embodiment, the device comprises means for
weighting the cost of the filtering as a function of a coetficient
F(Lavg,) whose value depends on the texture, or activity, of
the considered block of pixels.

According to one embodiment, the device comprises
means such that the activity Act, of a block 1 1s calculated by
means of a formula such as:

Act; =

i=6, j=7 i=7,j=6
MAX(MAleLm(k, D= bk + 1, D], MAX|D; ek, D) — bi sk, T+ 1)|]

.E.,__,r'.:O .E.,__;'.:O

where k and 1 are the coordinates of the pixels contained 1n
a block, b, ., being a block of index 10t the source image and
max (a,b) 1s equal to a when a 1s greater than b, and equals b
otherwise.

In one embodiment, the device comprises means such that
the cost of the filtering of a block 1s weighted by means of a
factor (F(Act,)) dependent on 1ts activity.

In one embodiment, the device comprises means such that
the weighting factor F(Act,) varies between 0.5 and 1 as a
function of a threshold ThreshAct such that, if the activity
Act, of the block 1 considered 1s less than this threshold

ThreshAct then the coetlicient F(Act,) 1s equal to:
Fldct)=1-(Act/2xThreshAct)

whereas this threshold 1s constant otherwise.

According to one embodiment, the device comprises
means for generating the enhancement layer by considering a
motion or displacement vector associated with each pixel
block 1, for example by means of the formula:

Vect =V Vx> + V37

where the components VX and Vy represent the horizontal
and vertical displacements of the block.

According to one embodiment, the device comprises
means such that the cost of the filtering of a block 1s weighted
by means of a factor F(Vect,) dependent on the motion vector
of this block.

In one embodiment, the device comprises means such that
the weighting factor F(Vect,) varies between 0 and 1 as a
function of a motion threshold ThreshVect, for example such
that 1t the norm ot the vector Vect, 1s less than this threshold
ThreshVect, then this factor equals:

F(Vect,)=1-(Vect/ThreshVect)

whereas this factor F(Vect,) 1s zero otherwise.

According to one embodiment, the device comprises
means for generating the enhancement layer by considering
the possible exit of the block 1n an 1mage subsequent to the
image considered.

In one embodiment, the device comprises means for antici-
pating the exit of the block from the 1mage by adding the
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components VX and Vy of the displacement vector Vect of this
block 1b, _=1b+VXx and jb, __=1b+Vy to the coordinates 1b
and 1b of this block, 1 such a way that if the estimated
position of the block at the next image 1s outside the image
(ib,__<0)or (1b,,_>M) or (jb,__<0)or (jb,_,_>N), M and N
being the dimensions of the image, the enhancement layer of
this block 1s not processed.

In one embodiment, the device comprises means for esti-
mating the quality psar of restitution of a block of pixels with
the aid of an affine modelling such that the quality psnr of

restitution of an 1image has a linear form:

rlext

psur=Dpsnr.x+b

where Dpsnr 1s a constant equal, for example, to 0.212
dB/bit per block and x represents the allotted number of bits
per block.

According to one embodiment, the device comprises
means for generating the enhancement layer by allotting
more bits to the blocks of an 1image 11 this 1mage 1s used to
generate other 1images, for example 1n the case of an inter-
image predictive coding.

In one embodiment, the device comprises means for cod-
ing the base layer with the aid of a discrete cosine transform.

The invention also relates to a method for compressing a
source 1mage by means of a base layer, coding a base image,
and of an enhancement layer, coding a residual existing
between the source image and the base image, the source
image and the base image being structured as blocks o pixels,
characterized in that a device 1s used which generates the
enhancement layer of a block as a function of a quality of
restitution of this block, 1mn accordance with one of the pre-
ceding claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Other characteristics and advantages of the invention will
become apparent with the description of the invention given
hereinbelow, by way of nonlimiting example, while referring
to the appended figures 1n which:

FI1G. 1, already described, represents a method of coding an
enhancement layer according to a known method,

FIG. 2 1s a diagram of a compressor ol 1mages coded
according to a multilayer method in accordance with the
graphical invention,

FIG. 3 represents a distribution of varnable restitution
qualities for various blocks of one and the same 1mage, and

FIG. 4 represents variations of efficiency during a multi-
layer coding.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

(L]
Y

ERRED

A coder 210 (FIG. 2) 1n accordance with the invention can
comprise arecerver 211 receiving a signal 212 which codes an
image to be compressed. Within the framework of coding 1n
inter-image modes, this receiver 211 subtracts from this sig-
nal 212 information already transmitted for a previous image.
This operation 1s performed with the aid of a subtractor 214
which receives a signal 234 corresponding to the information
transmitted for the previous images.

Thus, the signal 212 1s transformed into a signal 216,
which 1s directed to a transformer 218 which transforms the
signal 216, ,, defined 1n the spatial domain, into a signal 216, .
defined 1n the frequency domain. This operation, which 1s
performed with no loss of information, 1s a discrete cosine
transform or DCT.
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The signals 216, ; are transmitted to a quantizer 220 which
reduces the dynamic swing of these signals via a quantization
operation which involves approximations entailing a non-
negligible loss of information of the signal 216, .

The information thus lost during this quantization opera-
tion 1s called the residual (residual information intended for
the fgs coder), whereas the information retained after quan-
tization constitutes the base layer of the compressed image.

Stated otherwise, the base layer comprises the data
received by the coder minus this residual, the latter being
coded by the enhancement layer as described later.

On exit from the quantizer 220, the signal 216,, 15 also
transmitted to a subtraction loop which comprises an inverse
quantizer 224 performing the inverse function of the quan-
tizer 220. This inverse quantization operation 1s performed
without any new loss of information.

One then obtains a signal 216,, which 1s applied to a
converter 226 performing the mnverse function (IDCT) to that
carried out by the transformer 218, that 1s to say converting
this signal 216,, from the frequency domain to the spatial
domain, thus outputting a signal 216, which is transmitted to
a memory 228 and a motion estimation/compensation pro-
cessor 230 then to the subtractor 214.

The signal 216, 15 also transmitted to a subtractor 236,
forming part of a branch 235 for generating the enhancement
layer, a second mnput of the subtractor 236 receiving the
output signal 216, ; from the DCT transformer 218.

Thus, this subtractor 236 performs the subtraction between
signals representing the signals recetved 216, . and sent 216,

so as to obtain the residual 216, . on output from the subtractor
236.

The branch 235 comprises a memory 238 which stores the
residuals (1n the spatial frequency domain) imagewise and a
device 240 which performs the partition into enhancement
planes of the signal 216,, on exit from the memory 238

according to the standardized method known as “Fine granu-
larity scalability” (FGS) already described.

Furthermore, the branch 235 comprises means 250 for
analysing the blocks of pixels compressed 1n such a way as to
determine their quality of restitution, on the basis of the base
layer, and for determiming, as a function of this quality and of
information relating to the coding of the pixels of a block
considered, what quantity of bits should be allotted to this
block at the enhancement layer level.

In this embodiment of the invention, the quality or “psnr,”
of restitution 1s measured, for a block k of pixels, by means of
the following formula:

i, j=7 )
psnr, = —10 Lﬂg{z (blocky, source(i, J) = blocky ec(i, 1)) / (8 X 8 X 255%)

1, /=0 )

where (1,1) represents the coordinates of a pixel of the block
considered, for example of dimensions 8x8, 1n the source
image (block ) or in the reconstructed base 1mage

(block,, ) coded by the base layer.

By means of the quality of restitution psnr, calculated for
cach block k of pixels, it 1s possible to calculate the average
quality of restitution psnr, . ot the image, for example by
averaging the qualities psnr of restitution of each of the blocks
of the image or by using a graphical procedure as described

later.

wvec
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Finally, a reference restitution quality psnr,, . specific to
the 1mage 1s obtained on the basis of the average quality
Psnr,,,. to which 1s added a margin, for example, of 3 dB.

Pnst,,/~Fsnr ,,.+3 db.

Thereupon, each measurement of restitution quality psnr,
is compared with the reference psnr, . to detect a possible
defect dpsnr, of quality of restitution, that 1s to say a deficit in
terms of quality of restitution with respect to the threshold
psnr, -defined.

As a function of this possible deficit opsnr, 1n terms of
quality of restitution, one allots a certain number NbBits, of
bits on the train of the enhancement layer by using a propor-
tionality relation such as:

O DSILF
NbBits, = 2k

X throughput
Apsnr P fs

where throughput ., corresponds to the throughput allotted
to the 1mage within the framework of the coding dedicated to
the enhancement layer and Apsnr represents the global deficit
of the image, evaluated on the basis of the deviations between
the quality of each and the reference quality, for example by
means of a formula such as:

k=MxN-1
Apsnr = Z (it (psnr, < Psirer): Psnr.s — psnr,)
k=0

where M and N are parameters relating to the index number
of each block 1n the image, a block being considered only 111ts
quality psnr, of restitution 1s less than the reference quality of
restitution (psnr,<psnr,, ).

Such an operation 1s 1llustrated with the aid of F1G. 3 which
represents blocks 343, identified by their block index number
(abscissa axis 302) and for which the quality psar, of restitu-
tion (ordinate axis 304) has been determined 1n accordance
with the formula indicated above.

A reference quality psnr, 342 1s defined on the basis of an
average quality of restitution 340 and of a predetermined
quality margin 341.

In accordance with the invention, no coding is performed in
the enhancement layer for blocks 343; whose quality of res-
titution 1s greater than the reference threshold whereas an
enhancement coding 1s performed for the blocks of pixels
whose restitution quality 1s less than the reference quality
(psnr,, ), a bigger number of bits being allotted to this coding
the higher this deviation.

Another enhancement layer generation parameter taken
into account by the means 250 (FIG. 2) 1s the vanation of the
information in a block after 1ts filtering intended to reduce any
block ettects, that 1s to say the problems of contrast existing,
between two neighbouring pixel blocks.

For this purpose, it 1s appropriate to recall that such a
filtering 1s performed at the base layer level in an optional
manner at the decoder level 1n the case of the MPEG4 stan-
dard.

Nevertheless, this post-filtering can be carried out at the
coder level so as to estimate the rendition on the reconstructed
image of the base layer vis-a-vis the source image.

In the latter case, the post-filtering does not intervene 1n the
loop of the inter-image coding process which then serves only
to estimate the degradation between the decoded image (of
the base layer) and the source 1mage.
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On the other hand, 1f a filter 1s present 1n this loop, the
degradation estimation operation can be carried out therein.

Such 1s the case within the framework of the h263, h261 and
MPEF-4 part 10 standards.

To do this, one can evaluate a cost (costilt1) of filtering by
means, for example, of the following formula:

(i =7 )
Z abs(b!ﬂc;(imseﬂherfd(fﬂ J’) _ blﬂc;{imse(f? J’))
\ i, /=0 /

64

costFlt =

where abs 1s the absolute wvalue function, and
block, .. srerea1:)-block, ,  (1,]) represents the ditference in
quality at the level of the block comprising the pixel with
coordinates 1 and 1, belonging to the decoded 1mage (of the
base layer) after filtering and before filtering intended to
reduce the block etfects.

On the basis of the cost of the filtering of a block of pixels
1t 1s possible to calculate a total cost COSTFIt for the image by
summing the costFlt, specific to each block such that:

=M N—1
COSTFIr = Z (costFlir)
i=(}

Finally, 1t 1s possible to determine the number of bits to be
allotted 1n the data train of the enhancement layer to a block
as a function of the following formula:

costFlt

NbBitsfgs, = th hput, X
15]85; = throughpute X oo

In this embodiment, a significant coding of the enhance-
ment layer of a pixel block 1s also favoured 1t this block 1s
situated 1n a zone of an 1image where the luminance 1s low. In
fact, the anomalies of an 1mage are more visible in the dark
zones of this image.

For this purpose, the average luminance of each block 1s
calculated 1n such a way that the blocks whose average lumi-
nance 1s lower benefit from increased coding 1n the enhance-
ment layer.

This average luminance Lavg can be calculated by:

k,1=T7

Lﬂ”&- — Z (bzﬂCkf,SDHFﬂE(ka 1)/64)
k,1=0

k and 1 being the coordinates of the pixels contained in the
block 1.

Application on the basis of the block effect (post-filtering)
measured on completion of the post-filtering can be effected
in the following manner:

The calculation of the filtering cost, relating to the 1mage,
weilghted with local average luminance

=M N—1
COSTFIr = Z (costFIt) = F(Lavg;)
i=(}
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The distribution of the number of bits per block then
becomes:

costFlt; =« F(Lavg;)
COSTFIt

NbBitsfgs; = throughput, X

F(Lavg,) being a weighting function which varies between
0.5 and 1. In this embodiment, if the luminosity Lavg, of a
block11s less than a threshold Thresh,  (Lavg,<Thresh,, ),
then this function may be written: F(Lavg )=1-(Lavg,/2x
Thresh,, ).

Otherwise, this weighting function F(Lavg,) may be kept
constant, for example equal to Y2, this approach making 1t
possible to favour the blocks with low luminance vis-a-vis
those with high luminance.

It 1s appropriate to note that the threshold value Thresh,
exhibits a maximum luminance (2355).

In this embodiment, a significant coding of the enhance-
ment layer of a pixel block 1s also favoured 11 this block 1s
situated 1n a zone of an 1mage where the texture 1s weak since
a restitution defect located 1n a weakly textured zone 1s more
visible than 1n a zone with strong texture.

For this purpose, this texture 1s measured by an activity Act,
inside the block 1 evaluated for example, as follows:

Act, =

i=6, j=7 i=17, =6
MAX(MAxle,srﬂ(ka ‘D - ‘bf,.if‘ﬂ(k + la Jir)l-,- MAxlbf,SFﬂ(kﬂ Z) - bi,srﬂ(kﬁ [+ 1)|]

i, j=0 i, j=0

k and 1 being the coordinates of the pixels contained 1n the
block, b, . being a block of index 1 of the source 1image and
max(a-b) being equal to a 1f a 1s greater than b or equal to b
otherwise.

Application on the basis of the block effect measured on
completion of the post-filtering may then be effected by cal-
culating the cost of the filtering, relating to the image,
weighted with the local activity determined as indicated

above:

i=MxN-1

COSTFlt = (costFlt) « F(Act;)

The blockwise distribution of the number of bits then
becomes:

costFit « F(Acr;)
COSTFIr

NbBitsfgs; = throughput, X

F(Lavg,) being a weighting function which varies between
0.5 and 1 1n a similar manner to the weighting function
described above. In this example, 1f the activity Act, 1s less
than a given threshold Thresh , ., then this weighting coetii-
cient F(Act,) 1s determined by the following formula:

FlAct,))=1-(Act/2xThreshAct).

Otherwise, the weighting coetlicient F(Act,) can be kept
constant, for example equal to Y2, thus making 1t possible to
favour the blocks with weak texture vis-a-vis blocks with

strong texture.
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Furthermore, it 1s appropriate to note that the texture exhib-
its a maximum threshold value (Thresh , =255).

The combination of the two criternia based on the average
luminance and the activity that are contained 1n the block can
be effected, the spread of the information dedicated to the
improvement layer then becomes:

=M N1

COSTFIr = (costFlr) « F(Acr;) + F(Lavg;)

The blockwise distribution being evaluated by means of a
formula such as:

costFln; « F(Ach) = F(Lavg;)
COSTFIt

NbBitsfgs; = throughput g, X

The amplitude of the motion vector associated with a block
of pixels can also be taken into account when considering the
quantity of bits allotted to this block of pixels 1n the enhance-

ment layer.

This approach makes 1t possible to exploit the effect of
masking through motion of the restitution defects inherent in
the 1mage coding, and in particular at low and very low
throughput.

In fact, 11 a block of pixels 1s associated with a significant
motion vector, then the zone of the image coded by this block
may be considered to correspond to an element moving 1n the
image and for which a lesser resolution than for the still zones
of the image may be satisfactory.

The determination of the modulus of the motion vector
Vect, associated with a block 1 1s determined by means of a
formula such as:

Vect =V Vi2+ V32

where VX corresponds to the displacement 1n pixel units along
the x axis, generally horizontal, and Vy corresponds to the
displacement 1n pixel units along the y axis, generally verti-
cal.

Application on the basis of the block effect measured on
completion of the post-filtering can be effected by calculating
a filtering cost, relating to the image, weighted with the ampli-
tude of the vectors, for example by means of the following
formula:

=M xN—1
COSTFIr = Z (costFlit) = F(Vect;)
i=0

The distribution of the number of bits allotted per block
then becomes:

costFlt. « F(Vect;)
COSTFIt

NbBitsfgs; = throughput, X

F(Vect,) being a weighting function which varies between
0 and 1. In this example, 1f the norm of the motion vector Vect,
of a block 1 1s less than a threshold Thresh then this
function F(Vect,) equals:

ves?

1-(Vect,/Threshy,, )
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Otherwise, 11 the norm of this vector 1s greater than this
threshold, this function 1s zero (F(Vect,)=0).

Thus any block whose displacement vector has a norm that
1s less than a threshold Thresh,, . will be enhanced as a
function of a cost and of its displacement whereas, 1t the
vector 1s beyond a threshold, this block will have no addi-
tional enhancement layer.

It 1s appropriate to note that the value of the threshold 1s
dependent, among other things, on the resolution of the
image, a value o1 30 giving acceptable results for an 1mage 1n
the CIF format (288 lines of 352 pixels).

Similarly, 11 a block of pixels that 1s situated at the border of
the 1mage 1s associated with a motion vector such that 1t 1s
possible to anticipate that the zone of the coded image to
which this block belongs will exit this image 1n the future, it
1s unnecessary to code this zone with a high resolution.

Hence, the position of a current block 1s estimated at the
next image on the basis of the displacement vector of this
block, for example by adding the components VX and Vy of
the vector Vect(Vx, Vy) respectively to the central coordi-
nates of the block 1b and 1b.

Stated otherwise, 1f the central coordinates of the current
block are 1b and jb, the current block’s central coordinates

estimated at the next image are:
ib, _=ib+Vx
TP exTJOHVY

Thus, if the estimation of the coordinates for the next image
exits the framework of the image ((1b, . _<0) or (1ib, __>M) or
(1b,...<O)or (b, __>N)), where M and N represent the dimen-
sions of the image to be processed, then the block 1s not
enhanced.

In accordance with the invention, various parameters have
been described hereinabove which make it possible to deter-
mine a number of bits, that 1s allotted to a block of pixels, as
a function of information coded 1n these blocks, such as a
motion vector or significant contrasts, and/or of the quality of
restitution of the image using the base layer.

Therefore, 1t 1s apparent that the number of bits 1n the
enhancement layer can vary as a function of these parameters.

In order to control such variations, in one embodiment of
the invention, use 1s made of models of variations of quality of
restitution of an 1mage to determine what quality of restitu-
tion 1s attained by the transmission of a base layer and of a
variable enhancement layer, as explained hereinbelow with

the aid of FIG. 4.

In this FIG. 4 1s shown a fan of curves 402, 404 and 406
identifying a quality of restitution (ordinate axis 401, in dB),
as a function of a number of bits allotted for a block (abscissa
axis 403).

Each curve (respectively 402, 404 and 406) corresponds to
a transmission of an 1mage by means of a base layer (respec-
tively at 192, 256 and 384 Kkbits/s) associated with an
enhancement layer of increasing size.

This fan 1s generated from a curve 400 which represents the
restitution quality/number of bits per block ratio when a
single base layer 1s transmuitted.

It 1s thus noted that, for one and the same quality, the
transmission of a single base layer 1s more etficacious than the
transmission of a base layer associated with an enhancement
layer, this conveying the greater efficiency of the coding of the
base layer with respect to the coding of the enhancement
layer.
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One also observes that the fan of curves 402, 404 and 406
exhibits an almost aifine form such that the quality psnr of
restitution of an 1mage takes a form

psur=Dpsurx+b

where Dpsnr 1s a constant, equal to 0.212 dB/bitper block and
x represents the allotted number of bits per block.

It should be noted that this constant Dpsnr, which makes it
possible to approximate the variation of restitution quality/
throughput 1gs, corresponds to a type of algorithm making 1t
possible to undertake compression of fine scalability type.

However, 1t 1s also appropriate to note that this constant 1s
dependent on the compression algorithm implemented.

Thereupon, it 1s possible to determine simply the number
of bits that have to be allocated to an 1image, or to each block
of this 1mage, to obtain a given quality of restitution.

In fact, by fixing a determined quality psar ,_. of restitution,
it 1s possible to estimate the number of bits per block that have
to be allotted to a block 1n the enhancement layer by calcu-
lating the deviation between the number of bits per block
transmitted in the base layer (curve 400) and the number of
bits per block that have to be transmitted to obtain the required
quality of restitution.

Such a procedure for the graphical determination of the
number of bits that have to be allotted 1n the enhancement
layer to obtain a given quality of restitution 1s particularly
simple since 1t requires a limited calculation capacity.

Moreover, it makes 1t possible to limit the number of bits
that 1s allotted in the enhancement layer to a block of pixels by
again optimizing the efficiency of the coding of this layer
since 1t makes 1t possible to avoid overcoding a block by
determining, 1n a required compression quality context,
whether the restitution quality thereof has already attained the
required quality.

This technique can take 1into consideration the combination
of weighting parameters of two or more of the already
described parameters relating to the block currently being
coded, namely block effects, a filtering cost, the local average
luminance, the local activity, an amplitude of the motion
vector and/or a risk of exiting the scene in the next image.

The present invention 1s open to numerous variants. Thus,
the position and/or the function of the image to which a pixel
block belongs can also be a parameter considered 1n deter-
mining the quantity of bits of theenhancement layer allotted
to a block.

In fact, 11 an 1mage 1s used to generate other 1images, as 1n
the particular case of a predictive coding scheme where an
inter-image uses 1mages reconstructed with the aid of their
base layer and of all or part of theirr enhancement layer, the
blocks of this image are processed with a lower enhancement
layer 11 these blocks belong to an 1solated 1image or to one
situated at the end of a series of 1images.

What 1s claimed 1s:

1. Device for compressing a source image comprising,

a recerver for coding a base layer of the source 1image, and

a signal generator for generating an enhancement layer by
coding a residual existing between the source 1mage and
a base 1mage of the base layer, the source image and the
base 1mage being structured as blocks of pixels, wherein
a number of bits 1s allotted to the enhancement layer of
a block (k), such number depending on a quality (psnr, )
of restitution of the block (k), determined by comparing
the block 1n the source image with the block in the base
image coded and reconstructed using the base layer.
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2. Device according to claim 1, the device configured to
determine the quality (psnr,) of restitution of the block (k)
using the following formula:

i, J=7 3\
psnr, = —mng[Z (blocky source(is j) — block ye (i, )’ / (L? x 64)

1, j=0 J

where (1,7) represents the coordinates of a pixel of the block
(k) considered 1n the source image (block__ . )orinthe base
image (block,, ) coded by the base layer, L representing the
value of the maximum luminance of the image.

3. Device according to claim 1, the device further config-
ured to define an average quality (Psnr,,, ) of restitution ot the
image and configured to allocate a greater number of bits 1n
the enhancement layer to the blocks whose restitution quality
s less than the average quality (Pnsr,, ) or than a reference
quality (Pnsr, ) obtained on the basis of the average quality.

4. Device according to claim 1, the device turther config-
ured to compare the quality (psnr,) of restitution of the block
k with a predefined reference quality (psnr, /), to detect a
difference (Opsnr,) of quality with respect to the reference
quality (psnr,,,), and configured to allott said number (Nb-
Bits,) of bits of the enhancement layer to the block as a
function of the deviation.

5. Device according to claim 4, the device further config-
ured to allott a number (NbBits, ) of bits of the enhancement

layer by using a proportionality relation:

O PSILF
NbBits, = -k

X throughput
Apsnr EP M fgs

where throughput fgs 1s the quantity of bits per image con-
tained 1n the train of the enhancement layer and Apsnr 1s a sum
of differences (0psnr,) measured for the block considered.

6. Device according to claim 1, wherein the number of bits
depends on the level of block artefacts between neighbouring
blocks, corresponding to a filtering cost representing the dii-
terence between the filtered block and the non filtered block
in the base layer.

7. Device according to claim 6, the device further config-
ured to estimate the cost (CostFlt1) of the filtering with the aid
ol a formula:

(i, =T )
Z abs(b!ﬂCki?aSEFﬂffrfd(f’ J’) _ blﬂc;{iﬁaﬁ(f’ JF))
\ i, /=0 /

64

costFlit =

where abs 1s the absolute value tunction, and block, . 4//0,eq
(1,1)-block, _ (1,1) represents the difference i values of the
pixel with coordinates 1 and j of the base layer after filtering
and belore filtering.

8. Device according to claim 6, wherein the number of bits
allotted to the enhancement layer of said block 1s a function of
a parameter relating to an average luminance (Lavg) associ-
ated with the block.

9. Device according to claim 8, the device further config-
ured to weight the cost of the filtering of a block as a function
of the average luminance of the block.

10. Device according to claim 6, wherein the weighting the
cost of the filtering as a function of the texture, or activity, of
the considered block of pixels.
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11. Device according to claim 1, wherein the number of
bits 1s a function of at least a component value of a motion or
displacement vector associated with each pixel block.

12. Device according to claim 1, wherein the number of
bits depends on the position of the block 1n a subsequent
image obtained through extrapolation.

13. Device according to claim 1, the device further config-
ured to estimate the quality (psnr) of restitution of a block of
pixels with the aid of an affine modelling such that the quality
(psnr) of restitution of an 1image has a linear form:

psur=Dpsurx+b

where Dpsnr 1s a constant and x represents the allotted num-
ber of bits per block.

14. Device according to claim 1, wherein the number of
bits depends on the use of the image which the block belongs
to, as a reference 1image, when other 1images use inter-image
predictive coding mode.

15. Device according to claim 1, the device further config-
ured to code the base layer with the aid of a discrete cosine
transiform (DCT).

16. Method for compressing a source 1mage, the method
comprising coding a base layer of the source image in a
receiver, and generating an enhancement layer in a generator
by coding a residual existing between the source image and a
base image of the base layer, the source image and the base
image being structured as blocks of pixels, wherein the cod-
ing of a residual comprises comparing a block 1n the source
image with the coding and reconstructing of said block in the
base layer to determine a quality of a restitution of said block,
and allotting a number of bits to an enhancement layer for the
coding of said block as a function of said quality of restitu-
tion, where said quality of restitution 1s determined by com-
paring said block 1n the source image with the block in the
base 1mage coded and reconstructed using the base layer.

17. The method according to claim 16, the method further
comprising defining an average quality (Psnr,, ) of restitu-
tion of the image and allocating a greater number of bits 1n the
enhancement layer to the blocks whose restitution quality 1s
less than the average quality (Pnsr,, ) or than a reference
quality (Pnsr,_,) obtained on the basis of the average quality.

18. The method according to claim 16, the method further
comprising comparing the quality (psnr; ) of restitution of the
block k with a predefined reference quality (psar,_ ), to detect
a difference (Opsnr,) of quality with respect to the reference
quality (psnr,, ), and configured to allotting said number (Nb-
Bits,) of bits of the enhancement layer to the block as a
function of the deviation.

19. The method according to claim 16, wherein the number
ol bits depends on the level of block artefacts between neigh-
bouring blocks, corresponding to a filtering cost representing
the difference between the filtered block and the non filtered
block 1n the base layer.

20. The method according to claim 19, wherein the number
of bits allotted to the enhancement layer of said block 1s a
function of a parameter relating to an average luminance
(Lavg) associated with the block.

21. The method according to claim 20, the method further
comprising weighting the cost of the filtering of a block as a
function of the average luminance of the block.

22. The method according to claim 20, wherein the weight-
ing the cost of the filtering 1s a function of the texture, or
activity, of the considered block of pixels.

23. The method according to claim 16, wherein the number
of bits 1s a function of at least a component value of a motion
or displacement vector associated with each pixel block.
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24. The method according to claim 16, wherein the number
of bits depends on the position of the block 1n a subsequent
image obtained through extrapolation.

25. The method according to claim 16, the method further
comprising estimating the quality (psnr) of restitution of a
block of pixels with the aid of an affine modelling such that
the quality (psnr) of restitution of an 1mage has a linear form:

psur=Dpsur.x+b

where Dpsnr 1s a constant and x represents the allotted num-
ber of bits per block.

26. The method according to claim 16, wherein the number
of bits depends on the use of the image which the block
belongs to, as a reference 1mage, when other 1images use
inter-image predictive coding mode.

277. The method according to claim 16, the method further
comprising coding the base layer with the aid of a discrete
cosine transtform (DCT).

28. Device according to claim 1, the device configured to
determine the quality of restitution of the block based on the
coordinates of a pixel of the block considered in the source
image or in the base 1image coded by the base layer, and the
maximum luminance of the image.
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29. Device according to claim 1, the device further config-
ured to to allott a number of bits of the enhancement layer by
using a proportionality relation.

30. Device according to claim 6, the device further config-
ured to estimate the cost of the filtering based on an absolute
value function, and a difference 1n values of the pixel with
coordinates 1 and 1 of the base layer after filtering and before
filtering.

31. The method according to claim 16, wherein the quality
of restitution of the block 1s determined based on the coordi-
nates of a pixel of the block considered 1n the source 1mage or
in the base 1mage coded by the base layer, and the maximum
luminance of the image.

32. The method according to claim 16, wherein allotting,
the number of bits of the enhancement layer 1s determined by
using a proportionality relation.

33. The method according to claim 19, further comprising
estimating the cost of the filtering based on an absolute value
function, and a difference in values of the pixel with coordi-
nates 1 and 1 of the base layer after filtering and before filter-
ing.
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